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INTRODUCTION
Knee injuries are one of the most prevalent 
pathologies in sport. It is estimated that 100,000 –
250,000 ACL injuries occur per year3. It is common 
for patients to struggle with quadriceps strength 
impairment as high as 18% at two years post ACL 
repair11. Quadriceps strength is strongly associated 
with athletic performance and likelihood of re-injury 
after ACL repair 4,5,10,12,13,19. Quadriceps strength 
deficits are also documented after other arthroscopic 
procedures and the presence of knee effusion 2,8,14,18. 
Blood flow restriction (BFR) training is an 
intervention gaining popularity in rehabilitation. BFR 
can improve strength and hypertrophy measures 
with loads as low as 20% of 1RM1. This makes BFR an 
ideal intervention when heavier loads are 
contraindicated. 
OBJECTIVES
The purpose is to determine whether BFR training 
improves relevant measures of the quadriceps 
musculature after arthroscopic surgical procedures 
of the knee. 
METHODS
Search Strategy:
Terms Used to Guide Search Strategy
- Blood flow restriction
- Knee surgery
- Knee arthroscopy
- Anterior cruciate ligament
- Kaatsu training
- Occlusion training
Sources of Evidence Searched
- EBSCOHost
- MEDLINE
- PubMed
- SPORTDiscus
Inclusion Criteria
- Study must involve the utilization of blood flow 
restriction training
- Study must involve arthroscopic knee surgery
- Study must utilize at least one quadriceps 
measurement in the outcomes
- Study must compare measurements pre and post 
BFR intervention
Exclusion Criteria
Studies were excluded if they did not utilize blood 
flow restriction training, utilized other knee surgical 
interventions (ie. Total knee arthroplasty), or did not 
report on outcomes specific to the quadriceps 
musculature. 
Assessed quality of articles after search criteria were 
met revealed 6 good articles. 105 subjects were 
included in the 6 reports. All subjects underwent 
arthroscopic knee surgery prior to BFR treatment. 
Documented outcomes included knee torque, thigh 
cross sectional area, thigh girth, patient reported 
outcomes, muscle fiber diameter, and manual muscle 
testing. Data extraction is presented in the 
accompanying table. 
ANALYSIS
Five of six articles included in this review support the 
utilization of BFR to improve post-op quadriceps 
measures. All five articles demonstrated a significant 
improvement in at least one quadriceps outcome. All 
studies consisted of small sample sizes, there was 
inconsistent initiation of BFR, and little consistency in 
protocols. There was variability among outcomes 
measured across the studies.
REFERENCES
CONCLUSION
RESULTS
LEVEL OF RECOMMENDATION
The current evidence does support utilizing BFR 
training to improve quadriceps measures after 
arthroscopic knee surgery. It is well known that 
quadriceps are subject to the effects of arthrogenic
muscular inhibition post-operatively, resulting in 
potential long term function and performance deficits. 
It appears at this point that BFR is more effective 
compared to controls to improve affected quadriceps. 
Level B
1. Binnie, MJ. Blood Flow Restriction Techniques for Exercise Performance: A Review of Current Research and Practical Applications. J Aust Strength Cond. 2017;25(3): 62-70.
2. Fahrer H, Rentsch HU, Gerber NJ, Beyeler C, Hess CW, Grung B. Knee Effusion and Reflex Inhibition of Quadriceps. J Bone Joint Surg. 1988;70-B;635-8.  9
3. Hewett TE, Meyer GD, Ford KR, Paterno MV, Quatman CE. Mechanisms, Prediction, and Prevention of ACL Injuries: Cut Risk With Three Sharpened and Validated Tools. J Ortho Res. 2016; 
34(11):1843-1855. 11
4. Ithurburn MP, Paterno MV, Ford KR, Hewett TE, Schmitt LC. Young Athletes After Anterior Cruciate Ligament Reconstruction With Single-Leg Landing Asymmetries at the Time of Return to 
Sport Demonstrate Decreased Knee Function 2 Years Later. American Journal of Sports Medicine. 2017;45(11):2604-2613. 6
5. Ithurburn MP, Paterno MV, Ford KR, Hewett TE, Schmitt LC. Young Athletes With Quadriceps Femoris Strength Asymmetry at Return to Sport After Anterior Cruciate Ligament Reconstruction 
Demonstrate Asymmetric Single-Leg Drop-Landing Mechanics. American Journal of Sports Medicine. 2015;43(11):2727-2737.  7
6. Iversen E, Rostad V, Arne L. Intermittent blood flow restriction does not reduce atrophy following anterior cruciate ligament reconstruction. J of Sport and Health Sci. 2015; 5(2016):115-118. 
16
7. Lafont MA, Elokda A, Jeffreys-Heil, R. BLOOD FLOW RESTRICTION TRAINING IN THE POST-OPERATIVE MANAGEMENT OF A FEMALE SOCCER PLAYER WITH AN ANTERIOR CRUCIATE LIGAMENT 
RECONSTRUCTION AND LEFT LATERAL MENISCUS REPAIR: A CASE REPORT. BFR in ACL Reconstruction Management. 2018. 17
8. McLeod MM, Gribble P, Pfile KR, Pietrosimone BG. Effects of Arthroscopic Partial Meniscectomy on Quadriceps Strength: A Systematic Review. Journal of Sport Rehabilitation. 2012;21(3):285-
295. 10
9. Ohta H, Kurosawa H, Ikeda H, Iwase Y, Satou N, Nakamura S. Low-load resistance muscular training with moderate restriction of blood flow after anterior cruciate ligament reconstruction. Acta
Orthopaedica Scandinavica. 2003;74(1):62-68. 13
10. Palmieri-Smith RM, Lepley LK. Quadriceps Strength Asymmetry Following ACL Reconstruction Alters Knee Joint Biomechanics and Functional Performance at Time of Return to Activity. Am J 
Sports Med. 2015; 43(7): 1662–1669. 2
11. Rosenberg TD, Franklin JL, Baldwin GN, Nelson KA. Extensor mechanism function after patellar tendon graft harvest for anterior cruciate ligament reconstruction... including commentary by 
Reider B. American Journal of Sports Medicine. 1992;20(5):519-526. 1
12. Schmitt LC, Paterno MV, Ford KR, Myer GD, Hewett TE. Strength Asymmetry and Landing Mechanics at Return to Sport after Anterior Cruciate Ligament Reconstruction. Medicine And Science 
In Sports And Exercise. 2015;47(7):1426-1434.3
13. Schmitt LC, Paterno MV, Hewett TE. The Impact of Quadriceps Femoris Strength Asymmetry on Functional Performance at Return to Sport Following Anterior Cruciate Ligament 
Reconstruction. Journal of Orthopaedic & Sports Physical Therapy. 2012;42(9):750-759.4
14. Suter E, Herzog W, Bray RC. Quadriceps inhibition following arthroscopy in patients with anterior knee pain. Clinical Biomechanics. 1997;13(1998):314-319. 8
15. Takarada Y, Takazawa H, Ishii N. Applications of vascular occlusion diminish disuse atrophy of knee extensor muscles. / La pratique de l’occlusion vasculaire limite l’atrophie causee par 
l’inactivite des muscles extenseurs du genou. Medicine & Science in Sports & Exercise. 2000;32(12):2035-2039. 12
16. Tennent DJ, Hylden CM, Johnson AE, Burns TC, Wilken JM, Owens JG. Blood Flow Restriction Training After Knee Arthroscopy: A Randomized Controlled Pilot Study. Clinical Journal of Sport 
Medicine. 2017;27(3):245-252. 14
17. Tennent DJ, Burns T, Johnson AE, Owens J. Blood Flow Restriction Training for Postoperative Lower-Extremity Weakness: A Report of Three Cases. Current Sport Med Reports. 2018. 17(4)119-
122.  15
18. Rice DA, McNair PJ, Lewis GN, Dalbeth N. The Effect of Joint Aspiration and Intra-Articular Corticosteroid Injection on Flexion Reflex Excitability, Quadriceps Strength, and Pain in Individuals 
with Knee Synovitis: A Prospective Observational Study. Arthritis Research and Therapy. 2015; 17:191. 18
19. Zwolski C, Schmitt LC, Quatman-Yates C, Thomas S, Hewett TE, Paterno MV. The Influence of Quadriceps Strength Asymmetry on Patient-Reported Function at Time of Return to Sport After 
Anterior Cruciate Ligament Reconstruction. American Journal of Sports Medicine. 2015;43(9):2242-2249. 5
[Photograph of straight leg raise with occlusion cuff] (2019). Retrieved from https://www.owensrecoveryscience.com/
Ref Citation Demographics Methods and Intervention Outcome Measures and Results
Statistical Analysis Results Key Findings and 
Validity
1. Ohta et. al. 9
44 subjects; avg age 29 (18-
52); 22 in BFR group, 22 in 
control group. Pts were all 
post ACL repair. No sig 
difference pre/post op.
RCT; 
Both groups performed same rehab 
exercises for 16 weeks
Intervention: tourniquet at proximal thigh, 
~180 mm Hg for rehab
Control: No BFR
-Muscular torque knee ext:
concentric at 60 and 180 degrees/s (p<.001 & 
p=.004) and isometric at 60 degrees (p<.001) all 
significant
-Muscular torque knee flex:
concentric at 60 and 180 degrees/s (p<.005 & 
p=.004) and isometric at 60 degrees (p<.02) all 
significant
-Cross-sectional area of femoral musculature:
Significant difference for BFR (p=.04)
-Single fiber diameter: No significant difference in 
type 1 or type 2 fibers, but trend favored BFR 
group. 
-P<.05
-Comparison between 
groups pre-surgery w/ Chi 
square test. 
-Comparison of outcome 
measures w/ Mann-
Whitney U-test.
-Utilization of BFR post ACL 
repair improves knee 
ext/flex strength and cross 
sectional size of femoral 
musculature. It does not 
appear to significantly 
affect fiber size for type 1 
or 2 fibers.
-Valid results due to 
compliance, appropriate 
study design, and 
population.
2. Takarada et. al. 
15
16 subjects; 8 in BFR group 
(age 22.4 +/- 2.1) & 8 in 
control group (23.0 +/- 2.5). 
Pts were all post ACL repair.
Physical characteristics 
similar between groups
RCT;
Intervention: tourniquet at proximal thigh, 
progressive increase in pressure from 180 
mm Hg. Occlusion 5 min, remove 3 min for 
5 sets. Performed 2x/day (9am and 2pm)
Control: Followed same protocol as BFR 
group but did not inflate cuff. 
Experimental period lasted 2 weeks
Cross sectional area of knee extensors:
significantly less decrease in CSA favoring BFR 
group (p=.046)
Cross sectional area of knee flexors: No significant 
difference in decrease in CSA (p=.69)
*Both groups demonstrated decreases in CSA
-P<.05
-Comparison between 
groups w/ Mann-Whitney 
U-test
-Pre-post study 
comparisons w/ Wilcoxon 
signed-ranks test
-Utilization of BFR retards 
the rate of quadriceps 
atrophy, but no hamstrings 
atrophy, after ACL repair.
-Validity should be 
questioned due to small 
sample size and P value 
was also very close to .05. 
3. Tennent et. al. 16
17 subjects; 18-65 yo, 10 BFR 
group and 7 in control group, 
2 wks non-reconstructive 
knee arthroscopy
RCT;
Both groups performed same rehab 
protocol for 12 sessions
Intervention: tourniquet set at 80% limb 
occlusion pressure, BFR for 3 additional leg 
press, leg ext, reverse press, 30% 1 RM, 
30/15/15/15 protocol
Control: work matched program to 
intervention group.
Thigh girth: Significant improvement w/ BFR vs 
exercise alone (P=.0069)
Performance measures: KOOS and VR-12 not 
significant between groups
Pt-reported measures: Self selected walking v, sit 
to stand, 4 square step, and timed stair ascent not 
significant but favored BFR
Knee ext and flex torque: no significant difference 
but favored BFR (removed 1 outlier and BFR sig 
diff for ext, p=.034)
-P<.05
-Descriptive stats, 2-tailed 
t test, and ANOVA tests 
used for normally 
distributed data. 
-Grubb test used for 
outliers.
-Nonparametric data w/ 
Wilcoxon signed-rank test
-Utilization of BFR improves 
thigh girth and favors knee 
ext strength. 
-Validity should be 
questioned due to small 
sample size.
4. Iverson et. al. 6
24 subjects; 18-40 yo, 12 BFR 
group and 12 control group. 
Pts post-op ACL repair. No 
significant difference at 
baseline. 
RCT;
Rehab protocol 2x/day for 16 days.
Intervention: tourniquet at proximal thigh, 
progressive increase in pressure from 130 
mm Hg. Occlusion 5 min, remove 3 min for 
5 sets. Quadriceps exercises performed 
during 5 min occlusion. 
Control: Followed same protocol but no 
BFR.
Cross sectional area of quadriceps: No significant 
difference after intervention period (p=.6265)
-Descriptive data 
presented as means +/-
standard deviations.
-Comparisons between 
groups made w/ 
parametric unpaired t-
test
-No P value reported but 
no outcomes are <.05
-Utilization of BFR does not 
improve quadriceps CSA 
post ACL repair.
-Validity should be 
questioned due to small 
sample size and lower than 
expected cuff pressure at 
start of experiment. 
5. Tennent et. al. 17
3 subjects;
1. 21 yo female college 
athlete, 2. 30 yo active duty 
male soldier, and 
3. 27 yo active duty male 
soldier. 
All subjects underwent 
arthroscopic knee surgery. 
Case Series;
-Various lengths of intervention (2-4wks)
-Various BFR exercises were used to 
address specific needs of each pt, though 
all included a leg press. 
-Exercises utilized 30% 1RM and performed 
4 sets of each exercise to failure
-Tourniquets were set at 80% limb 
occlusion pressure
Peak torque knee ext deficit (90 degrees/s):
1.Initial 74.3% Final 49.95%
2.Initial 25.4% Final 13.69%
3.Initial 63.6% Final -14.36%
Peak torque knee flex deficit (90 degrees/s):
1.Initial 27%, Final -10.7%
2.Initial 42.6% Final -186.18%
3.Initial 55.3% Final 1.44%
*Negative values indicate increased strength 
measures
Final improvements and 
deficits were calculated in 
percentages but no 
between group 
comparisons could be 
made.  
-Utilization of BFR may 
improve knee flexion and 
extension peak torque in 2-
4 weeks after knee 
arthroscopy. 
-Validity should be 
questioned as these are 
single subject studies. 
6. Lafont et. al. 7
Single Subject;
16 yo female high school 
soccer player. Left ACL repair 
and lateral meniscus repair
Case Study;
-18 sessions were performed over 8 weeks
-Tourniquet set at 80% limb occlusion 
pressure. 
-30/15/15/15 protocol utilized for all 
exercises.
-BFR was performed in conjunction with 
NMES as well.
The following improvements are reported after 
the 8 weeks of interventions:
-abolishment of extensor lag
-Thigh girth improved from 40cm to 42cm
-MMT improved to 4-/5
No statistical analysis was 
performed. Only pre and 
post intervention 
outcomes were recorded. 
-Utilization of BFR may 
improve thigh girth and 
knee extensor strength 
after ACL/lateral meniscus 
repair.
-Validity should be 
questioned as this is a 
single subject study.
